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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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This Procedia CIRP volume contains the Proceedings of the 2nd CIRP Conference on Composite Material Parts 
Manufacturing, which took place at the Advanced Manufacturing Research Centre (AMRC), from 10th to 11th October 2019. 
The concept of design and manufacture using composite materials introduces unique challenges that often require a multi-
disciplinary approach and, subsequently a multi-disciplinary team, to achieve a robust, pragmatic solution suitable for production 
and design intent. The focus of this conference has been on bringing together and sharing novel production research, 
technologies and solutions from such teams to the global composite manufacturing community. The intention of this is to push 
the boundaries of use of such advanced and complex materials and stimulate further global collaboration.  

The host of this conference, the University of Sheffield’s AMRC, is a network of world-leading research and innovation 
centres working with manufacturing companies from micro-SMEs to multi-national giants around the globe. Within this 
network, the AMRC’s Composite Centre aims to utilise innovative manufacturing methods and technologies to produce ultra-
lightweight, high performance components from composite materials for production sectors including aerospace, space, 
automotive, construction, oil and gas, medical and renewable energies. 

The 2nd CIRP CCMPM continues on from the success of the 1st conference of this series, which was founded in 2017 by 
Professor Jürgen Fleischer and Professor Roberto Teti. The need for such a conference was identified during a namesake CIRP 
Collaborative Working Group (CWG). Since the formation of these CWG meetings, the topics “Design and Lifecycle”, “Part 
Generation” and “Part Finishing and Assembly” were each discussed in every meeting, and always with a focus on industrial 
use-cases. This conference saw the introduction of two new topics, namely “Hybrid parts manufacture” and “Non-destructive 
testing (NDT)”. The response to the 2nd CIRP CCMPM was immense, with an initial 117 abstracts submitted, with 72 submitted 
as full manuscripts, of which 59 were accepted for oral presentation and publication in Procedia CIRP. The presenting authors 
came from 14 countries and 4 continents, confirming the global interest and motivation to enhance and advance composite 
material parts manufacturing skills, capabilities and technologies. 

I should like to express my deep gratitude to all the people and organisations that contributed to the realisation and success of 

the Conference: Prof. Fleischer, Prof. Teti, Prof. Potluri and Prof. Talreja for their highly appreciated Keynote presentation in the 

Plenary Sessions; the Session Chairmen for stimulating and managing the technical discussions; the Referees for their expert 

advice and assistance; all the Authors for their high-level contributions and presentations in the Technical Sessions. Finally, let 

me thank my Conference Co-Chairs, Prof. Paul Mativenga and Prof. Keith Ridgway, as well as Guest Editor, Dr Hassan El-

Dessouky, for their experience, wisdom, support and hard work in the build-up to the event; the Conference Secretary, Ms Kylie 

Wheeler, and the Organising Committee Members for their substantive efforts; AMRC personnel and IDC graduate students as 

well as assistant staff for their energy and team-work; last but not least, Ms Emma Smith for her support in the organisation of 

the Conference Social Events. Particular thanks are due to the International Academy for Production Engineering (CIRP), the 

main scientific sponsor of the CIRP CCMPM Conference Series, and, finally, the Conference main supporting body, The 

University of Sheffield, is gratefully acknowledged for its organizational and financial assistance to the event activities.  
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